We have generated a monoclonal B-cell mouse by introducing homozygous, nonfunctional RAG-2 alleles and a )1 light-chain transgene into the quasi-monoclonal (QM) mouse, which contains a "knocked-in" VHDJH rearrangement. Thus, this mouse, which we call MonoB, is devoid of T cells and contains preformed heavy-and light-chain genes encoding immunoglobulin with an anti-NP specificity. The MonoB mouse allows us to examine immunoglobulin diversity 'in the absence of processes mediated by V(D)J recombination and T cells. Here we report that not only is the MonoB's primary immunoglobulin repertoire monoclonal, but also that its secondary repertoire is not further diversified by V-gene replacement or gene conversion. Among 99 heavy-chain and 41 ) light-chain genes from peripheral B cells of the MonoB mouse, there were no V-gene replacements. When compared to the QM mouse, which has RAG activity, and for which V-gene replacement is the major diversifying mechanism, these data suggest that V-gene replacement is mediated by V(D)J recombination and not by other recombination systems.
INTRODUCTION
V H replacement, as originally described in vitro (Kleinfield et al., 1986; Reth et al., 1986; Beck-Engeser et al., 1987; Weigert, 1989 Shirasawa et al., 1992) and in acute lymphoblastic leukemia (Steenbergen et al., 1993) , can generate a heavy (H) chain with a different specificity (Kleinfield et al., 1986; Reth et al., 1986; Cascalho et al., 1996) or destroy a productive gene (Taki et al., 1995) . V H replacement is thought to be mediated by a heptamer recombination signal sequence (RSS) embedded near the 3' end of many VH'S (Covey et al., 1990; Usuda et al., 1992 : Chen et al., 1995 Fanning et al., 1998) and by a putative nonamer sequence found ca. 12 bp upstream in the transgene (Chen et al., 1995) . Because V-gene replacement shares the same RSS as V(D)J recombination, it has been proposed that the two share the same mechanism (Covey et al., 1990; Usuda et al., 1992; Chen et al., 1995; Fanning et al., 1998 (Cascalho et al., 1996) ; on the other homologue is a nonfunctional "knockout" in which all JH gene segments have been deleted (Chen et al., 1993a) . The J: stretch has been knocked out on both homologues (Chen et al., 1993b) , and, as a consequence, QM mice produce only -type light (L) chains. We bred the QM mouse to the RAG-2-deficient strain (Shinkai et al., 1992) to generate a mouse homozygous for a disrupted RAG-2 allele and containing the inserted 17.2.25 VHDJH exon. As the absence of RAG expression also prevents V to J rearrangement at the L-chain locus, we introduced a 1 transgene (Young et al., 1994) . (Cascalho et al., 1996) and either anti-B220 ( Figs. 2A and 2B ) or anti-CD 19 (Figs. 2C to 2E ).
As can also be seen in Fig. 1 , there are no apparent ta-negative, id-positive (switched) cells in the MonoB mouse (Fig. 1D) , although as expected, the QM mouse has switched cells (Fig. 1E) . Analysis of serum Ig also failed to detect H-chain isotypes other than IgM (data not shown).
As shown in Fig. and 1A) as well as the a-positive (Fig. 1D ) cells are id-negative; about 25% of the B220-positive ( Fig. 2A ) and CD19-positive (Fig. 2C ) cells are -negative. In QM mice, about 15% of the B220-positive (Fig. 1B) and ta-positive (Fig. 1E ) cells are id-negative, and only a few (<3%) of the B220-positive (Fig. 2B ) or CD19-positive (Fig. 2D) As shown in Fig. 3 , 7.6% of MonoB and 1.4% of QM PBL were B220-positive, CD43-positive. These cells are immature B-lineage cells, and they stain only dimly for B220 in both strains; as they mature, they will lose CD43 and increase the amount of B220 on their surface. But the id-negative and L-negative pop- In the QM mouse and other gene-targeted mice (Chen et al., 1995; Taki et al., 1995; Cascalho et al, 1996;  1997), V-gene replacements are strongly selected and most new BCRs are generated by this mechanism.
The selective forces must be at least as great in the MonoB mouse, which has an even smaller primary repertoire. Here we have shown that the primary repertoire of MonoB mice is not further diversified-by V-gene replacement, gene conversion, or any other process involving transfer of donor sequences at a frequency detectable by current methods, even in a system with strong selective pressures. The interpretation of this result is complicated by the fact that the absence of RAG-2 expression in MonoB mice affects B cells in two ways-directly through the absence of V(D)J rearrangement and indirectly through the absence of T cells.
Whatever the nature of the cells lacking the idiotypic BCR of MonoB mice, any cells with V-gene replacement at the H-chain locus would be found in the id-negative fraction (Cascalho et al., 1997) .
Among 83 VHDJH segments sequenced from the id-negative population, there were no replacements. As the id-negative population used was 25% to 30% of all B cells, we have effectively sampled about 300 cells, which means that at the 95% confidence level, there are less than 1% replacements. That is, the frequency of V-gene replacement is at least 100-fold lower than in the QM mouse. As it is not likely that the absence of T cells could result in such a large depression of the replacement frequency, the absence of V-gene replacement must be, at least in part, a direct consequence of the absence of V(D)J recombinase.
Gene conversion, another diversifying mechanism that is common in chickens and rabbits (Reynaud et al., 1987; Knight and Becker, 1990; David et al., 1992; Takeda et al., 1992) , was also not observed. If it occurs at all in mouse germinal-center B cells, it is very rare (Ford et al., 1994) . From our results, it is not clear whether its absence is due to dependence on RAG-2, T cells, or its rarity.
MATERIALS AND METHODS

Mice Strains and Breeding
The MonoB mouse was generated by breeding three strains: the QM mouse (Cascalho et al., 1996) , a L1 transgenic (Young et al., 1994) , and a RAG-T/- (Shinkai et al., 1992 
